Introduction
Spirocerca lupi (S. lupi) is a nematode for which the dog is the final host (Bailey, 1972) . In the dog the adult nematode resides in the esophagus which results in the formation of an esophageal nodule. Over time up to 25% of these nodules undergo neoplastic transformation (Dvir et al., 2001) . Histologically the sarcoma has been classified as fibrosarcoma, osteosarcoma or anaplastic sarcoma (Ranen et al., 2008; Ranen et al., 2004) . The different stages of the spirocercosis-induced esophageal nodule have recently been described (Dvir et al., 2010) . It was proposed that nonneoplastic S. lupi nodules could be divided into 2 stages: an early inflammatory stage, where the nodule is characterized histologically by fibrocytes and abundant collagen, and a pre-neoplastic stage, where the nodule is characterized by the presence of activated fibroblasts (more mitoses and a greater proportion of fibroblasts that showed some degree of atypia) and reduced collagen. Both stages are characterized by lympho-plasmacytic inflammation. Finally the nodule develops into neoplastic sarcoma (Dvir et al., 2010) . This study was the first to describe the high prevalence and severity of the lympho-plasmacytic infiltrates in S. lupi-induced nodules which have often previously been incorrectly classified as granulomas (Bailey, 1972) .
Neutrophils were also very common in the non-neoplastic cases, where they were distributed either diffusely or in purulent foci immediately adjacent to the worm tract(s) and their associated tissue debris. The neoplastic cases generally had less inflammation; the inflammation was predominantly suppurative and the foci of suppuration were typically confined to necro-ulcerative areas in the tumour.
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The finding that S. lupi nodules have a marked lympho-plasmacytic infiltration is important since the association between chronic infection-induced inflammation and cancer is now well-described and is thought to be the mechanism responsible for up to 18% of global cancers (Vennervald and Polman, 2009) . In terms of parasiteassociated malignancies, three helminth infections have been classified as carcinogenic in humans, namely Schistosoma haematobium, Clonorchis sinensis and Opisthorchis viverrini and the presence of chronic inflammation induced by parasites or their deposition is considered a key element in their carcinogenesis (Vennervald and Polman, 2009 ). In dogs esophageal sarcoma (excluding leiomyosarcoma) is almost invariably associated with S. lupi infections, whereas in human oncogenic helminth-associated neoplasia the association is limited to only a few of the specific cancer cases (Herrera et al., 2005) , making spirocercosis a highly attractive model to study the association between cancer, helminth infection and inflammation. (Curiel et al., 2004; Heimberger et al., 2008; Liyanage et al., 2002; Wolf et al., 2003; Woo et al., 2001 ).
FoxP3+
Tregs can be identified in the dog using a cross-reactive, directly conjugated murine FoxP3 antibody (Biller et al., 2007) . As in humans, tumour-bearing dogs were found to have an increased number and/or proportions of Tregs in the circulation (Biller et al., 2007; O' Neill et al., 2009; Tominaga et al., 2010) , draining lymph nodes (Biller et al., 2007) and within the tumour (Tominaga et al., 2010) . The fact that the role of Tregs is well described in both helminth infection and cancer may indicate a potential role in helminth-induced cancer such as spirocercosis. However, the role of 
Materials and Methods

Case Selection
Seventy one formalin-fixed, paraffin-embedded S. lupi-induced esophageal nodules, collected between 1998-2009, were retrieved from the archives of the Section of Pathology, Faculty of Veterinary Science, University of Pretoria (retrospective study).
The samples were collected during necropsy. In most cases, only one sample was 94 collected for diagnostic purposes. In the smaller non-neoplastic nodules, a transverse section was taken through the entire nodule. One 5µm-thick tissue section per block was stained with hematoxylin and eosin (H&E) for subsequent histological evaluation. Nodules were classified into neoplastic (n=25) and non-neoplastic (n=46) groups. Only one nodule was selected per dog for subsequent immunohistochemical analyses. If a dog had more than one nodule, the nodule that was most mature or advanced towards neoplastic transformation was selected. In the larger nodules multiple sections were taken and the most diagnostic section was selected.
For negative tissue control purposes, 14 sections of normal distal third of dog esophagus were used. For 9 of the S. lupi-induced esophageal nodule cases (5 neoplastic and 4 non-neoplastic), the draining lymph nodes of the distal esophagus (bronchial) and remote lymph nodes (popliteal) were also collected. The entire lymph nodes were collected and a transverse section was fixed in paraffin. Lymph node was the positive tissue control for immunohistochemical labeling.
Immunohistochemical labelling of FoxP3, CD3, Pax5 and
Myeloid/Histiocyte antigen MAC387
Four µm-thick serial sections were cut and mounted on Superfrost-Plus glass slides (Thermo), and dried overnight in an oven at 60ºC to enhance tissue adhesion. Slides were washed twice in PBS and the appropriate secondary antibody (peroxidaselabelled anti-mouse or anti-rabbit EnVision ™ + reagent, Dako) was applied to sections for 30 minutes at RT. After a final PBS wash, sections were incubated with 3,3' -diaminobenzidine (DAB) for 7.5 minutes at RT, washed in distilled water, counterstained with haematoxylin, dehydrated and mounted in Shandon synthetic mountant (Thermo Scientific).
Scoring of IHC labelling
Each nodule was scanned under the light microscope. The initial scan was done with a wide-angle lens at low power (x20) and the following data were recorded: The predominant inflammatory cell type, the distribution of the cell infiltrate (diffuse or focal/multifocal) and the location of the infiltrate within the nodule (peripheral, central or both). CD3+ and Pax5+ cells tended to occur in a focal/multifocal distribution pattern in the sections and the foci of CD3+ and Pax5+ cells were counted in the most active x20 field (the field with the highest number of foci). CD3+ and Pax5+ infiltrates were subjectively scored 0-3 (Table 1) . MAC387+ infiltrates were also scored 0-3; however, MAC387+ cells occurred more diffusely in sections, either evenly distributed or in patches and therefore the scoring system was slightly different (Table 2 ). Numbers of FoxP3+ cells were counted in 10 non-overlapping x400 fields (5 peripheral and 5 central fields per esophageal nodule using a 0.0625mm 2 graticule).
In the normal esophagus control group and lymph nodes 5 non-overlapping x400 fields were counted. Counting was confined to CD3+ areas.
Statistical analyses
Statistical analyses were performed with GraphPad Prism (GraphPad Software, Inc.
CA, USA). The difference in prevalence and distribution of the different proportions of cell types was tested using the Chi square test. The differences between the scores of the different types of infiltrate were tested for significance between all groups using a Kruskal-Wallis Test, followed by Dunn' s post-hoc test. P values of < 0.05 were considered significant.
Results
Myeloid cells predominated in 70% of cases, while T cells predominated in 23% of cases. In the remaining 7% of cases the number of T cells and myeloid cells were approximately equal. There was no difference in the proportion of myeloid and T cells between the neoplastic and non-neoplastic groups (p=0.27). When cells were present in normal esophageal sections they were diffusely scattered and myeloid and T cells tended to occur in equal proportions (Table 3 ). The inflammatory score of all cell types was significantly higher (p < 0.05) in the spirocercosis groups compared to the control group, but was not different between the neoplastic and non-neoplastic groups (Table 4 , 5 and 6).
Myeloid cells were most commonly confined to massive diffuse pockets around worm migratory tracts ( Figure 1A ) and to necro-ulcerative areas, the latter especially in neoplastic cases ( Figure 1B ). Most cases had massive diffuse areas that could not be counted. To a lesser extent, myeloid cells were diffusely scattered throughout the nodules (Table 4) .
T cells occurred diffusely ( Figure 1C ) or in a focal/multifocal ( Figure 1D ) distribution pattern, predominantly at the periphery of the nodule (Table 5 ). The number of foci in the most active x20 field ranged from 0 to 18. B cells followed the same distribution within the nodule as T cells (Table 6 ), but there were fewer of them (Table 7) and they were more confined to focal/multifocal areas ( Figure 1E ).
FoxP3+ cells were detected in 30% of nodules (32% of neoplastic cases and 28% of the non-neoplastic cases), especially in T cell foci, but they were not observed in the normal esophagus. In most of the S. lupi cases where FoxP3+ cells were detected, the number of cells was very low (Table 8) and was not significantly different from the normal esophagus, where no FoxP3+ cells were detected. However, 3 cases (1 nonneoplastic and 2 neoplastic) contained a high power field with more than 10 FoxP3+ cells (up to 47 cells/0.0625mm 2 in a selected high power field; Figure 1F ).
High numbers of FoxP3+ cells were observed in the lymph nodes (Table 9 , Figure   1G ), but no difference was observed between the bronchial and popliteal nodes and between the neoplastic-draining (86.44±34.39, mean±STD/0.0625mm 2 ) and nonneoplastic-draining nodes (85.95±54.55). These FoxP3+ cells were confined to CD3+ areas ( Figure 1H ).
Discussion
The current study revealed that the predominant inflammatory cells in S. lupi esophageal nodules are of myeloid lineage. These cells were identified by a MAC387
antibody, which does not enable differentiation between the different types of myeloid cells. However, based on the histological appearance, the vast majority of myeloid cells were neutrophils. These neutrophils formed pockets of pus around the worm, or they were confined to necro-ulcerative areas in the neoplastic nodules. Alternatively, neutrophils occurred diffusely throughout the nodules. The lymphocytic infiltrates had a prominent focal/multifocal distribution pattern (compared to the myeloid cells) and they were usually peripherally located within nodules. However, in the majority of cases, lymphocytes occurred in a mixed pattern; namely focal/multifocal and diffuse.
The relative proportions of leukocytes within S. lupi nodules was different to our initial observations in H&E-stained sections (Dvir et al., 2010) . This finding shows the importance of further identification and quantification of cells using IHC. There are two possible explanations for the observed difference. Firstly, in the current study plasma cells were not labeled, but plasma cell-rich foci in HE-stained sections would have been incorporated into the lympho-plasmacytic scoring in the previous study.
Also, the focal/multifocal distribution pattern of the lympho-plasmacytic reaction, which frequently made it the predominant cell infiltrate in certain fields, may have biased our scoring over the whole slide in the previous study. We could also not demonstrate the difference in the inflammation score and composition of the cell infiltrate between neoplastic and non-neoplastic cases that we previously observed One weakness of the current study is that tissue sampling was not standardized.
Unfortunately, this is the reality when utilizing clinical cases, especially in a retrospective study. The cell counting was also limited to a single section. However, because this is primarily a descriptive study, we believe the results are valid. Table 3 Leukocyte prevalence in the different groups Table 4 Nodule distribution and score of MAC387+ cells Normal esophagus 43% (6/14) 50% (7/14) 7% (1/14) Table 5 Nodule distribution and score of CD3+ cells † 2 cases in the non-neoplastic group had focally extensive areas of cell infiltrate that could not be counted * The score of the control was significantly (<0.05) lower compared to the spirocercosis groups' scores using Kruskal-Wallis Test, followed by Dunn' s post-hoc test. * The score of the control was significantly (<0.05) lower compared to the spirocercosis groups' scores using Kruskal-Wallis Test, followed by Dunn' s post-hoc test. Table 7 Lymphocyte prevalence in the different study groups 
Tables
